Frequent manual repositioning is an established part of pressure ulcer (PU) prevention, but there is little evidence for its effectiveness. This study examined the association between repositioning and PU incidence among bedbound elderly hip fracture patients, using data from a 2004-2007 cohort study in nine Maryland and Pennsylvania hospitals. Eligible patients (n=269) were age≥65 years, underwent hip fracture surgery, and were bedbound at index study visits (during the first five days of hospitalization). Information about repositioning on the days of index visits was collected from patient charts; study nurses assessed presence of PU stage 2+ two days later. The association between frequent manual repositioning and PU incidence was estimated, adjusting for PU risk factors using generalized estimating equations and weighted estimating equations. Patients were frequently repositioned (at least every two hours) on only 53% (187/354) of index visit days. New PU developed at 12% of visits following frequent repositioning versus 10% following less frequent repositioning; the incidence rate of PU per person-day did not differ between the two groups (incidence rate ratio 1.1, 95% confidence interval 0.5-2.4). No association was found The authors have no potential conflicts of interest. Dr. Rich had full access of the data in the study and takes responsibility for the integrity of the data and the accuracy of the data analysis. 
INTRODUCTION
Pressure ulcers are a common complication of immobility among the elderly, resulting in substantial pain and suffering (1) and excess hospital costs with charges for associated hospital stays averaging more than $15,000 (2) . As of October 2008, Medicare no longer reimburses hospitals for treatment of hospital-acquired stage 3 or 4 pressure ulcers (3) . This decision was based on the designation of pressure ulcers as a "reasonably preventable condition," i.e., it is assumed that pressure ulcers will generally not develop on patients receiving care according to current evidence-based guidelines. Unfortunately, although national and international clinical guidelines for pressure ulcer prevention recommend a wide range of measures, the evidence for the effectiveness of many of these measures is fairly weak (4) (5) (6) . To ensure that the measures recommended by clinical guidelines lead to a reduction in pressure ulcers, it is critical to confirm both that these measures are effective and that they are widely implemented.
One of the major methods for prevention of pressure ulcers is the frequent manual repositioning of patients with limited mobility. In particular, several clinical guidelines recommend that bedbound patients be repositioned every two hours (5, 6 ). This recommendation is based primarily on expert opinion, with few epidemiological studies and inconclusive evidence that repositioning at this frequency is effective in preventing the development of pressure ulcers. Despite the dearth of evidence, repositioning bedbound patients every two hours has become firmly established as the standard of care.
Confirming the effectiveness of frequent repositioning is an important goal, to ensure that the standard of care is appropriate and because the labor costs associated with this intervention are considerable. Indeed, repositioning and transferring patients take up the largest proportion of the time devoted to pressure ulcer prevention (7) , and in one study cost of repositioning accounted for 73% of the total cost for pressure ulcer prevention (8) . Several studies have also shown that manual repositioning increases health care workers' risk for back pain and musculoskeletal injuries (9, 10) . Given the shortage of both skilled and unskilled nursing labor, the allocation of nursing time to patient repositioning every two hours is only justified if this intervention is effective.
Furthermore, it is unclear to what degree the recommendation for frequent manual repositioning is being implemented in US health care facilities. A study published in 2001 by the Health Care Financing Administration (now the Centers for Medicare and Medicaid Services) found that, in 1996, only 66% of bed-and chair-bound patients were repositioned every two hours (11) . A study by Bates-Jensen et al. in nursing homes in 2003 found that only 18 of 58 such patients were repositioned at least every 2 hours (12) . No study since then has examined adherence to this recommendation, although a few studies have examined the use of repositioning, but not its frequency, in preventing pressure ulcers (13) (14) (15) . There is some evidence that the appropriate frequency of repositioning should vary with the support surface in use (16) , and guidelines differ in whether patients using mattresses and overlays designed to redistribute pressure (i.e., pressure-redistributing support surfaces, PRSS) can be repositioned less frequently than those using standard support surfaces (5, 6 ).
Yet no studies have examined if the frequency of repositioning for patients using PRSS differs from that for patients using standard support surfaces. Thus, it is of interest to examine the degree of adherence to frequent manual repositioning recommendations in bedbound patients, particularly when considering the type of support surface in use.
Manual repositioning of bedbound patients every two hours is an established part of the clinical guidelines for pressure ulcer prevention, but there is little evidence for its effectiveness and little is known about its implementation in the hospital setting. Thus, it is unclear what effect the recommendation for frequent manual repositioning has on clinical outcomes. In this study, we aimed to determine if manual repositioning every two hours is associated with a lower incidence of pressure ulcers among bedbound elderly hip fracture patients and to examine the degree of adherence to recommendations for manual repositioning in these patients.
MATERIALS AND METHODS

Participants
Data for this study were collected as part of a prospective cohort study of patients aged 65 years or older who underwent surgery for hip fracture (ICD-9 code 820) between 2004 and 2007 in any of nine hospitals that participate in the Baltimore Hip Studies network. The methods for the parent study have been described previously (17) . Data for the parent study were collected in the nine acute care hospitals and the 105 postacute facilities to which patients enrolled in this study were discharged; data for the current analysis were collected in the nine admission hospitals. All hospitals included in this analysis were voluntary nonprofit acute care facilities, including four teaching hospitals. Seven of the study hospitals were in Maryland and two in Pennsylvania. The number of beds in each hospital ranged from 100 to 536 (median 253).
The parent study was approved by the Institutional Review Boards of each of the participating hospitals and the University of Maryland Baltimore; the latter also approved the current study. Permission to contact patients for screening and recruitment was obtained from attending physicians. If the patient had a Mini-Mental State Examination (MMSE) (18) score of 20 or greater, the patient's written consent was obtained; otherwise the patient's verbal assent and a proxy's written consent were obtained. Proxy consent was also obtained for patients who were unconscious or non-communicative. A total of 1,167 patients were screened for eligibility, of whom 1,055 were eligible (90% of screened), and 658 patients enrolled (62% of eligible).
Data about repositioning frequency were collected for the first five days of each patient's initial hospitalization. Thus, patients who did not have any study visits during the first five days of hospitalization (n=103) were excluded from the current study. Because national clinical guidelines only recommend repositioning for bedbound patients, patients were also excluded from the current study if they were not bedbound according to the activity item of the Braden scale (19) during at least one study visit in the first five days of hospitalization (n=286), leaving a sample of 269 patients.
Measures
Repositioning-Data about repositioning were collected from the nursing flowsheet by a specially trained chart abstractor or a registered nurse experienced in medical record review. This information included the number of times that the patient was manually repositioned on each of the first five days of the patient's initial hospital stay. If the nursing flowsheet indicated only the frequency of turning rather than the number of times the patient was turned (e.g., "q2h" to indicate turning every two hours), the corresponding number of turns was recorded in the daily total. Repositioning was classified as frequent if there were 12 or more turns per hospital day, corresponding to an average frequency of every two hours, as recommended in several clinical guidelines for the prevention of pressure ulcers (5, 6) .
Pressure Ulcer Status-Specially trained research nurses assessed pressure ulcer status at study visits that occurred at baseline (as soon as possible after hospital admission) and on alternating days for 21 days. The presence and stage of pressure ulcers were determined at each study visit by a whole-body skin examination conducted according to standard wound assessment practice (20) . Standard definitions of pressure ulcer stages (21) were used: stage 1 (alteration of intact skin with persistent redness), stage 2 (partial thickness dermal loss or serum-filled blister), and stages 3 and 4 (full thickness tissue loss without/with exposed bone, tendon, or muscle). The study outcome was development of one or more new pressure ulcers stage 2 or higher at the visit following the day for which repositioning frequency was recorded. Results were similar when the study outcome was restricted to stage 2 pressure ulcers. Because only 16 of the pressure ulcers observed in the study ever reached stages 3 or 4, it was not possible to perform an analysis restricting the study outcome to stage 3 and 4 pressure ulcers. Patients with pressure ulcers continued to be considered at risk for additional pressure ulcers. Results were virtually identical when patients with pressure ulcers present at hospital admission were excluded from the analysis.
Covariates
At each assessment, the research nurse recorded the patient's Braden scale score (19, 22) , based on observation and discussion with clinical staff. The Braden scale comprises six items: mobility, activity, sensory perception, exposure to friction and shear forces, skin moisture, and nutritional status. The "friction and shear" item is rated on a three-point scale; each of the other five items is rated on a four-point scale. The values for each item are summed to provide a score ranging from six to 23, with lower scores indicating a higher risk for pressure ulcer development. A cut-off point of 16 is commonly used to indicate "at-risk" patients(23).
Acute mental status was also assessed at each visit by counting the number of orientations to person, place, and time. Incontinence status was based primarily on the research nurses' observation of skin moisture and/or soiling with stool during the skin assessment and secondarily on the four-point incontinence item of the Norton scale of pressure ulcer risk (24) . Information about use of PRSS was recorded by the research nurses on a structured form at each study visit. PRSS were considered to be in use if any overlays were observed to be on the patient's bed or if the mattress on the patient's bed was made of any materials other than standard foam and spring. For pressure ulcer preventive devices other than PRSS, cushions were considered in use if they were on the patient's chair or wheelchair, even if the patient was not seated at the time of the assessment, whereas heel protectors, elbow protectors, and positioning pillows/wedges were only recorded as being in use if they were observed to be on, or supporting, the patient at the time of assessment.
Data about all other covariates were obtained by clinical observation at the baseline study visit, by patient or proxy interview, or by chart review. At the baseline visit, research nurses used the Subjective Global Assessment of Nutritional Status (25) to classify individuals as being at low, moderate, or high risk of nutrition-associated complications. Arterial insufficiency, defined as absence of pedal pulses or ankle brachial index <1, was also determined at the baseline visit. Weight and height were obtained from the medical chart or, when missing, from patient or proxy interview; this information was used to calculate the patient's body mass index (weight [kg]/height[m] 2 )(26). Standard definitions (26) were used to define weight status: underweight (body mass index<18.5), normal weight (body mass index=18.5-24.9), and overweight/obese (body mass index≥25.0). Severity of illness was measured on the Rand Sickness at Admission Scale (hip fracture version) (27) and comorbidity by the Charlson Comorbidity Index (28) , both of which use information from the medical chart. The number of days since hospital admission was determined according to the information in the medical chart.
Analysis
To describe the study population, the distributions of the patients' characteristics noted at the baseline visit were compared for those repositioned frequently (at least every two hours) on the day of the baseline visit and those repositioned less frequently. We used simple counts and proportions for categorical variables, and means with standard deviations for continuous variables. P-values were obtained by chi-square test for categorical variables or by two-sample t-test for continuous variables.
Study visits at which patients in the study sample were bedbound during the first five days of hospitalization (354 person-visits) were designated as index visits. Because some patients had multiple index visits, generalized estimating equations (GEE) analysis (29) with an exchangeable working correlation matrix was used to account for within-patient correlation. GEE models with a log link, Poisson working model, and offset of log number of days between visits (to account for differing amounts of patient follow-up) were fit to determine the association between repositioning frequency on the day of an index visit and incidence of pressure ulcers stage 2 or higher at the following visit. Estimates of incidence rate ratios (IRR) and 95% confidence intervals (CI) were reported, both unadjusted and adjusted for covariates. The number of days since hospital admission was included in the adjusted model as a continuous variable using a linear spline with a knot at hospital day two, and some admission hospitals with few outcomes were combined in the adjusted model. To determine whether the association between repositioning frequency and pressure ulcer incidence was modified by pressure ulcer risk status, another adjusted model was fit with additional covariates for the patient's Braden scale score (dichotomized at the sample's median) at the index visit and a term for the interaction between Braden scale score and repositioning frequency.
Because repositioning data and covariate data were missing for 10% (37/354) and 9% (33/354) of index visits, respectively, weighted estimating equations analysis (30) was used to account for possible selection bias due to missing data. To compute the weights for this analysis, the probability of having observed (non-missing) repositioning data was estimated using a GEE model with a logit link, binomial working model, and predictor variables (admission hospital, severity of illness, use of pressure ulcer preventive devices other than PRSS, pressure ulcer incidence before or at the index visit, linear spline of days since hospital admission, and completeness of other covariate data). The probability of having complete covariate data was estimated in a similar way with admission hospital as the predictor variable. Weights were then estimated as the product of the inverse probability of having complete covariate data and the inverse probability of having observed repositioning data.
GEE models were fit with a binomial distribution and identity link to determine estimates and 95% CI for the proportion of index visit days on which patients were frequently repositioned, for the whole study sample, for subgroups of patients using each type of support surface, and for subgroups of patients in each admission hospital. GEE models with a logit link and binomial working model were fit to determine whether PRSS use on a given day was associated with frequent repositioning on the same day. Estimates of prevalence odds ratios (OR) and 95% CI are reported, both unadjusted and adjusted for covariates. To avoid overfitting, age, sex, acute mental status, comorbidity, arterial insufficiency, use of preventive devices other than PRSS, and presence of a pressure ulcer at the index visit were eliminated from the model, after it was determined that these variables did not change the estimate of the coefficient of interest by more than 10%. Because the use of frequent repositioning and PRSS were expected to vary based on hospital policy and resources, it was expected that there may be important clustering effects by admission hospital. To examine these effects, additional models were fit that adjusted for admission hospital using indicator variables. All analyses were performed using SAS 9.1 (SAS Institute Inc., Cary, NC).
RESULTS
Study Sample
Patients' baseline characteristics, by repositioning frequency on the day of the baseline visit, are shown in Table 1 . Patients repositioned frequently (at least 12 times/day or every two hours on average) were more likely than those repositioned less frequently to have a pressure ulcer at the baseline visit (p=0.006). Those repositioned frequently were also more likely to have a high risk of nutrition-related complications (p=0.06) and to have a lower mean Braden scale score (p=0.07) than patients repositioned less frequently.
Effect of Frequent Repositioning on Incidence of Pressure Ulcers-Patients
in the study sample had an incident pressure ulcer stage 2 or higher at 11% (38/354) of visits following an index visit; the proportion was 12% (22/187) for visits following days on which patients were frequently repositioned and 10% (16/167) following days on which patients were repositioned less frequently ( Table 2 ). The rate of incident pressure ulcers stage 2 or higher at the visit following an index visit per person-day of follow-up was similar whether or not the patient was repositioned frequently on the day of the index visit (unadjusted IRR 1.22, 95% CI 0.65-2.30; covariate-adjusted IRR 1.12, 95% CI 0.52-2.42).
The effect of frequent repositioning on pressure ulcer incidence varied somewhat (p for the interaction=0.07 in adjusted model) according to whether or not the patient was at high risk of pressure ulcers, as indicated by a Braden scale score less than the study sample median value of 14. Among the higher risk patients, the incidence rate of pressure ulcers per personday of follow-up was lower for those frequently repositioned on the day of the index visit compared to those repositioned less frequently (adjusted IRR 0.39, 95% CI 0.08-1.84), whereas in lower risk patients, the incidence rate of pressure ulcers for those repositioned frequently was higher than for those repositioned less frequently (adjusted IRR 2.19, 95% CI 0.73-6.60).
Relationship Between Use of PRSS and Frequent Repositioning-Patients
were repositioned frequently on 53% of the days on which an index visit occurred (95% CI 47%-58%); the proportion was 54% (78/145) among patients using PRSS and 52% (106/204) among patients using standard mattresses. The proportion of days with frequent repositioning according to type of support surface ranged from 42% to 66% (Figure 1 ). The use of frequent repositioning also differed substantially by admission hospital; the hospitalspecific proportion of days on which frequent repositioning was in use ranged from 23% to 77%. Examining the role of admission hospital in detail, we found that hospitals with more PRSS use tended to have less use of frequent repositioning and vice versa, indicating that admission hospital was a negative confounder of the association between PRSS use and frequent repositioning. Thus, although there was no association between using PRSS and frequent repositioning in models not accounting for admission hospital (unadjusted OR 1.14, 95% CI 0.74-1.75; covariate-adjusted OR 1.06, 95% CI 0.67-1.70), the odds of frequent repositioning in patients using PRSS were more than twice as high as the odds in patients using standard mattresses in models accounting for admission hospital (hospital-adjusted OR 2.08, 95% CI 1.10-3.92; fully-adjusted OR 2.28, 95% CI 1.15-4.54).
DISCUSSION
In this study of bedbound elderly hip fracture patients, we did not find that repositioning patients at least every two hours is associated with a decreased incidence of pressure ulcers, suggesting that manual repositioning at this frequency may not effectively prevent pressure ulcers. Previous studies of frequent repositioning for pressure ulcer prevention have yielded inconsistent results. Although a randomized trial (16) found a lower incidence of pressure ulcers for patients repositioned every two hours than for those repositioned every three hours among patients using a standard mattress, the same group (31) found no significant difference in pressure ulcer incidence when they compared groups under two repositioninginterval regimens (two hours in a lateral position and four hours in a supine position versus four hours in each position). Observational studies in humans have only shown that the duration of pressure likely to result in pressure ulcers falls within a range of one to six hours (32, 33) . Finally, studies in humans using surrogate endpoints (skin temperature and redness, and contact pressure) and animal studies and in vitro tissue studies suggest that even a twohour interval of repositioning might be insufficient to prevent tissue damage (34) (35) (36) . Thus, the evidence for an optimal repositioning interval is inconclusive, with biological plausibility for an interval less than two hours but little difference in clinical outcomes between this interval and longer intervals. Taken together, the published literature and the present study findings suggest that the clinical recommendations for manual repositioning with a specified interval are not well-founded.
Recent guidelines have recognized the limitations of the evidence for manual repositioning, and these guidelines have recommended that frequency of manual repositioning should be tailored to each patient based on characteristics such as mobility and general medical condition (37) . Given the substantial costs and burden of repositioning every two hours, it is important to target this intervention to patients who are most likely to benefit. In this study, there was some suggestion that the effect of repositioning was modified by the patient's pressure ulcer risk status. Among patients at high risk of pressure ulcers (as indicated by low Braden scale scores), those repositioned at least every two hours had a lower rate of incident pressure ulcers than those repositioned less frequently; among patients at low risk of pressure ulcers, those repositioned at least every two hours had a higher rate of incident pressure ulcers than those repositioned less frequently, although neither difference was statistically significant. If confirmed in future studies, these findings suggest that, even among bedbound patients, repositioning may only be effective as a prevention measure for those at particularly high risk of pressure ulcers and patients at high risk according to Braden scale score may be a population of particular interest. Additional studies should examine if frequent repositioning is only effective in this patient population.
We found limited adherence to the recommendation for frequent manual repositioning despite the fact that the study population, bedbound elderly hip fracture patients, is recognized as being at high risk of pressure ulcers (7, 38) . It is reassuring that patients who were repositioned frequently were more likely than those who were repositioned less frequently to have a lower Braden scale score. Overall, though, patients were repositioned at least every two hours on only 53% of days. This finding is consistent with several previous studies showing a low prevalence of repositioning, although the prevalence may vary substantially by hospital unit (11, 13) . In one study, staff members did not reposition patients as regularly as prescribed despite knowledge that repositioning should be done (39) , and several studies have found that the main reasons cited for not regularly repositioning patients include lack of time and lack of staff, rather than a lack of knowledge of turning protocols (40) . Thus, despite indications that repositioning is widely accepted as standard care for pressure ulcer prevention, repositioning does not appear to be fully implemented.
The prevalence of frequent repositioning was higher among patients using PRSS when compared to patients on standard support surfaces, allaying concerns that use of a PRSS reduces frequent repositioning. These results suggest that providers are using these preventive measures together for high risk patients, as is appropriate under current guidelines, rather than using PRSS alone. The presence of a PRSS may also be a cue to remind providers to frequently reposition patients. However, we found substantial variation in the prevalence of frequent repositioning and PRSS use by hospital, indicating that differences in resource availability or facility policies, such as the presence of quality improvement initiatives, may play major roles in the implementation of pressure ulcer prevention guidelines.
An important limitation of this study is its observational design; randomized studies are required to provide strong evidence regarding the effectiveness of this intervention. However, given that repositioning every two hours is the current standard of care, it would be difficult and possibly unethical to perform experimental studies where patients are randomized to less frequent intervals of repositioning. To strengthen the inferences drawn from this study, we adjusted for many known confounders of the association of interest, but bias due to unmeasured confounders cannot be excluded. Also, there may be errors in the information about frequency of repositioning obtained from medical records. This limitation is particularly salient as the prior study by Bates-Jensen et al. found a wide discrepancy between actual repositioning practices and medical record documentation, with documentation rates much higher than repositioning rates measured by thigh monitors (12) . As such errors are probably equally likely among patients who do and do not develop pressure ulcers, the errors tend to bias results towards the null. Another limitation of this study was the relatively small sample size which limited the power to test the associations of interest. Finally, our study population was limited to hip fracture patients age 65 years or older, and results may not be generalizable to other patients at risk for pressure ulcers. However, because hip fracture patients are frequently bedbound for long periods of time in the peri-operative period, pressure ulcers are a common complication of immobility among these patients (17) . Thus, elderly hip fracture patients represent an excellent population in which to examine repositioning as an intervention to prevent pressure ulcers, and there is no known reason that the effect of frequent repositioning in this population would differ from that in other populations at risk for pressure ulcers. The high incidence of pressure ulcers seen in this study may be due to the choice of elderly hip fracture patients (a particularly high-risk group) as the study sample, but it may also be linked to infrequent repositioning practices in study facilities. Unfortunately, data were not available to examine facility polices, practices, or resources related to repositioning; the contribution of these factors to pressure ulcer incidence may be an important future area of study.
Pressure ulcers have been recognized as an important indicator of quality of care, particularly since the identification of stage 3 or 4 pressure ulcers as one of the hospitalacquired conditions for which the Centers for Medicare and Medicaid Services will not provide reimbursement. Clinical practice guidelines for pressure ulcer prevention recommend the use of frequent manual repositioning in bedbound patients, but this study found that the implementation of this intervention was suboptimal. The implementation also varied substantially by hospital, indicating that factors other than patient need influence the choice of pressure ulcer prevention methods and that the quality of care for pressure ulcer prevention may differ by facility. However, the results of this study and others indicate that we do not yet have evidence for the efficacy of frequent repositioning for pressure ulcer prevention. Additional study is needed to determine if there is a standard interval at which manual repositioning is effective at preventing pressure ulcers, or if manual repositioning is only effective in a subpopulation of bedbound patients. In the absence of this information, it is unclear if the variations in care demonstrated in this study translate into a difference in patient outcomes, or if decreasing the frequency of repositioning might reduce the cost and burden of this intervention without increasing the incidence of pressure ulcers.
The current findings call to question the efficacy of turning as a pressure ulcer prevention strategy, but it is premature to suggest that frequent manual repositioning is unnecessary. Repositioning may be more important for patients at higher risk (i.e., lower scores) by the Braden Scale, but further research is required. 
